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Analyses on Part 1
In part 1 of the benchmark exercise a trash bag fire in the vicinity of a cable tray inside an emergency switchgear room ( Fig. 1) is to be simulated. The objective "is to determine the maximum horizontal distance between a specified transient fire from the trash bag and tray A ( off are to be investigated. The time to be covered is 600 s. The total heat release from the trash bag is specified in Fig. 3 and the radiative fraction is fixed to be 30%. This specification implies not to simulate the chemical reactions in the trash bag explicitly rather than using the heat release curve and study the convective and radiative flows induced by the fire in the trash bag.
A computer model was developed which is composed of 28400 fluid cells (Fig. 2) . The grid resolution could be refined easily but is left on this rather crude level to comply with the number of test cases and the problem time of this exercise. The model contains the trash bag and the target cable (representing tray A) inside the room. In order to save computing time the outer walls are not modeled. This results in an overestimation of the heat losses from the fire room atmosphere because the heat up of inner wall sections is neglected and consequently the temperature difference gas to wall is too large.
The given convective heat transfer coefficient of 15 W/m 2 K is applied. For some of the cases the openings of the ventilation system and the fire door can be opened. In all other cases a crack of specified size around the door is available.
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There are several options to implement the heat release from the trash bag. Currently the trash bag is modeled as a solid body with the convective fire heat release from the nearest cells around it and with radiation from its surface. The trash bag could also be a hollow body with the convective heat released from all the internal cells. Because radiation can only be emitted from a surface, in this case the top surface could be used for the radiation source. The benchmark specification does not further localize the heat sources therefore the first option has been implemented. During the simulations it turned out that the shape of the trash bag fire changed from time to time. However if numerical reasons or inherent instabilities cause this behavior has not been further investigated.
Conduction in the target cable is included. The cable itself is represented as a cylinder of appropriate size and can be moved within the grid according to the different test cases.
The atmosphere within the fire room is assumed to be air. Individual gas species are not modeled because the fire chemistry is not included.
Base Case
In the base case the target cable has a horizontal distance of 2.2 m from the trash bag.
The door is closed and the ventilation system is off. It is the first case simulated and is discussed in more detail. The moment of the highest heat release from the trash bag is depicted in Fig of the room into a hot layer above a cold layer appears to be inadequate. Of interest is the distribution of heat flows to walls and target cable. All flows reach their maximum at the time with the highest heat release. The total heat flux to the cable in comparison with the flow to the walls (Fig. 8) is less than the surface ratio. This may be due to the lower wall temperatures. In Fig. 8 decreases the radiative fraction to the cable to a very small value when the fire heat release decreases after its maximum. The hotter cable then loses energy to the cooler walls. The heat captured by the cable does not lead to a measurable increase of the centerline temperature. The surface temperature develops as shown in Fig. 9 and has almost no further increase after the maximum heat flow from the trash bag is passed.
Case 1
Case 1 differs from the base case only by another location of the trash bag relative to the target cable. The trash bag is directly below the target cable. The moment of maximum heat release is depicted in Fig. 10 . Compared with the base case the cable is now completely inside the hot gas stream from the fire. This results in a higher heat-up of the cable surface as shown in Fig. 12 . The maximum is now about 550 K. In the base case it was only 360 K. After the maximum heat is passed the surface temperature goes down as well. The power to the cable over time shown in Fig. 11 has a maximum of about 700 W. This is considerably more than in the base case with 500 W.
Another difference is the radiative behavior. With this case in the late phase the cable radiates energy to the surroundings and is therefore cooled.
The centerline temperature remains almost unchanged during the simulation time.
Other cases with larger distances of the trash bag than the actual will not be able to create higher cable temperatures with a chance of ignition (643 K).
Case 5
Case 5 is interesting because of the flow patterns influenced by the ventilation system now on. The position of the trash bag is identical to the base case. Compared with the base case the cable is now in a more upwards flow. This is depicted in Fig. 13 . Equally, the heat-up of the cable is very similar and remains low (Fig. 14) . The ventilation system with a continuous inflow of cold air does not alter things considerably.
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Chemical reactions including oxygen consumption have not been modelled. However, an oxygen depletion which might be avoided by the fresh air entering through the ventilation opening is not realistic because of the short simulation time.
A comparison of all three simulated cases in terms of the cable surface temperature is depicted in Fig. 15 . With the given ignition criterion only the location of the fire directly below the target cable would have a chance to ignite the cable over a longer time or with a higher heat release.
Analyses on Part 2
This part of the benchmark is to "determine the damage time of the target cable tray B
for several heat release rates of the tray stack (A,C2, C1), and horizontal distance D.
The effects of target elevation and ventilation will also be examined." [DEF 00]. The duration of the fully developed fire is fixed to be 3600 s (including transitions 4800 s).
To perform a reasonable number of simulations in a short time the computational grid was set to have less cells than for part 1. It is shown in Fig. 16 . The model now has 11400 cells. This includes the cells to represent the solids of the cable trays and the target cable (instrumentation cable of 18 or 50 mm diameter). The simulated fire heat from the trays A, C1, C2, which are lumped together, follows the shape shown in Fig.   18 . The peak can be between 1 and 3 MW. The target cable is considered to be damaged when the centerline of the cable reaches 200 C.
The release of the heat from the assumed fire is implemented similarly to part 1. The convective fraction is placed as volumetric source into the cells closest to the cable trays. The radiative fraction of 48% is emitted directly from the solid surfaces.
With the longer simulation time the heat absorbed by the boundary walls and the subsequent rise of the surface temperature should not be neglected. Therefore a one dimensional heat conduction simulation has been added. Compared with an explicit inclusion of the walls (this means by conducting cells) the computing time is negligible.
Chemical reactions are not treated in the simulations. Hence no check for oxygen depletion has been done in the code. Only a crude hand approximation has been done.
From the specifications it remains unclear how to proceed with the fire heat release if oxygen depletes for a time but then recovers by the ventilation system.
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Base Case
This case is distinguished from other cases by a peak heat release rate of 1 MW and a distance of the power cable (diameter 50 mm) of 6.1 m. The door is closed and the ventilation system is off.
With the higher heat release and all openings closed it is likely that the available oxygen is exhausted soon. An approximation indicates a time of about 1200 s. This time has been selected for the illustration in Fig. 17 . A global circulation can be observed and the temperature is rather uniform.
It is speculative how the case would further develop if oxygen depletes because this is not modeled currently. To be conservative the simulation over the full time and the heat release according to Fig. 18 has been performed.
The heat flow to the cable which is at the same elevation like the burning cable trays leads to a rapid heat up of its surface (Fig. 19) . Therefore radiation from the cable to the colder boundary walls is positive which means that the cable loses energy. Consequently the heat-up of the cable is reduced. A look to the cable temperatures gives Fig.   20 . Although at the surface very soon high values are reached, in the central part of the cable only about 50 K increase is obtained. Therefore no damage with the given criterion can be detected. This is true either after 1200 s when the available oxygen tends to deplete or after 4800 s when following the given heat release curve to full extent.
Case 6
The base case is only capable of producing a relatively low heat-up of the target.
Among the specified cases case 6 assumes the highest peak heat value (3 MW) in combination with the nearest placement of the target cable to the fire source. With higher heat output from the fire oxygen will deplete earlier. According to an approximation this may be after 700 s. After this time the flow field and temperature distribution calculated by CFX is shown in Fig. 21 . A large vortex has developed with a horizontal flow along the floor. Fig. 23 compares the temperature in the center of the room of case 6 with the base case. For both cases simulations have been extended beyond the oxygen depletion point up to the end of the specified fire duration. Case 6 leads to a much higher room temperature. However the early oxygen starvation prevents a target D-13 damage. The centerline temperature reaches values above the damage threshold of 423 K only in the late phase of the simulation. This is shown in Fig. 22 . A summary of the heat flows received by walls and the target is illustrated in Fig. 24 . Right from the beginning the target becomes that hot that it constantly loses energy to the outer walls.
However, by gas convection it is heated further.
Case 10
Both cases analysed up to now suffer from early oxygen starvation although the fire power might be strong enough to damage the target cable. A fresh air flow through the room might change the situation. Case 10 is comparable with the base case but the door is open and the ventilation system is working. Oxygen depletion has therefore been excluded. The incoming air is cold and forms therefore a stable stratification in the room. Fig. 25 and Fig. 26 illustrate this from different perspectives. The flows out of the door and the ventilation system can be seen. A cooling effect to the target cable is not expected. If oxygen around the burning cable trays is sufficiently available can not be answered unless the migration and distribution of the species involved would be modeled in detail. Under the assumption of abundant oxygen to feed the fire, the cable centerline temperature is calculated as shown in Fig. 27 . There is only little heating-up in the center of the cable.
Summary
Following the benchmark specification a selection of six cases out of a total of 20 for both parts has been simulated by the CFD code CFX. Despite this reduced number of cases they were selected with the intention to preserve the scope of the benchmark and to get representative results.
The analyses carried out demonstrate the capabilities of CFD codes in simulating fire situations. They also outline the higher effort with respect to computing resources. On a DEC-Alpha Unix machine with about 350 Mflops simulations needed approximately 64 h and 153 h for part 1 (28400 cells) and part 2 (11400 cells), respectively.
In order to keep computing times manageable it was decided to use relatively coarse grids for both parts of the benchmark.
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None of the cases analysed leads to a damage of the target cable according to the specified damage criterion for part 1 and 2. This is true if depletion of oxygen is included in the simulations. If these are carried out following the heat release curves to full extent then case 6 leads to cable damage.
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Continuation of Work
An obvious continuation of the current work is the simulation of other important test cases. Among these are for part 2 case 9 with partial activation of the ventilation system and opening of the door in the room. This will enable to investigate whether oxygen depletion will occur later than in previous cases. A realistic chance of cable damage may involve case 13 with a cable diameter of 15 instead of 50 mm.
It will be necessary to investigate the quality of the grids for both models applied so far.
With finer grid cells at around source and target it can be proved if grid convergence with the solutions found has been achieved.
A crucial point for many cases is the depletion of oxygen. To provide realistic simulations mixing and diffusion of oxygen in combination with the consumption of the fire need to be included into the fire model of CFX. This means that for the relevant species additional conservation equations have to be solved. 
